Introduction reinforcement. To understand and improve on
The main reason for mixing with SiC is the this result we have made a microstructural analyimprovement of the mechanical properties of the sis of a hot isostatically pressed (HIP) A16061 aluminium alloy, which is itself already hardened powder reinforced with 30 wt.% SiC particulates by Mg2Si precipitates, and given a final T6 heat treatment as described In a recent NASA [1, 2] report on several aluin a recent paper by Sargent et al. [3] . One of the minium matrix composites it was stated that the problems the manufacturer is confronted with is elastic moduli of the composites are found to be the wettability of the constituents. Contact angle isotropic and independent of the type of reinforcement used. The yield and tensile strength and the ductility are controlled primarily by the ~s0 matrix alloy, the temper condition and the reinforcement content. The type and orientation of the reinforcement had some effect on the yield and tensile strength of the composites, but only ~ 6 for those in which whiskers were more highly .~ ~0o s oriented. It could be concluded that particulate ~ ~A "\x " 7 reinforcements are as effective as whisker reinx 3 forcement.
\ \ On the basis of these data for particulateo \\ 1 reinforced extruded material, we have plotted in so ~ t ~ ? Fig. 1 measurements indicate that only at higher temperatures can a good wetting be achieved [4] . However, at the same time a reaction takes place between the aluminium matrix and the SiC particulates, resulting in the formation of A14C 3 and free silicon at the interface which diminishes the crack toughness properties. The reaction kinetics can be slowed down by alloying the matrix with silicon. The amount of silicon dissolved in the matrix can be determined by differential scanning calorimetry (DSC) measurements of the liquidus temperature of the matrix [5] . Magnesium addition promotes wetting of SiC by aluminium [6] . DSC measurements indicate that the mere presence of SiC favours the formation of Mg2Si precipitates [7] . A16061 and SiC powder particles only secondly by dimpling equally on both sides to a thickness of 20 ~m using a GATAN dimpler. Then the samples were further thinned by a GATAN micro ion milling device with a 4 kV argon ion beam Under an angle of 8°. Occasioncharacteristic pattern the oxide traces of the origially the samples were given a final electrocheminal powder particle boundaries (PPBs). Those cal treatment in a TENUPOL instrument. It PPBs can best be found in unreinforced HIP turned out to be necessary during the ion milling samples. An example taken from sample 2 is and electrochemical processing steps to check the depicted in Fig. 2 . In extruded samples the oxide sample from time to time by putting it into the layers are smeared out to so-called stringers. microscope in order to see whether the SiC as Table 1 gives the mechanical data of extruded well as the A16061 were sufficiently transparent and HIP A16061 without and with a reinforcement and also to make sure that we were not looking at of 30 wt.% SiC. The HIP A16061 reinforcement artifacts introduced by the sample preparation material is far less ductile than when extruded. methods. As electron microscope we used a
The hydrostatic tensile stress in the aluminium JEOL 200 CX side entry machine with a high matrix resulting from a large difference in coeffiangle/selected area pole piece as an objective lens cient of thermal expansion between matrix and at an operating voltage of 120 kV.
reinforcement favours MgzSi precipitation in the matrix during the T6 heat treatment. This holds 3. Results both for extruded and HIP material and should improve the mechanical properties equally. Six Microstructural scanning electron microscopy different samples were subsequently studied by (SEM) analysis of HIP material revealed as a transmission electron microscopy (TEM).
Sample I: Al~6t + 30% SIC," hot isostatically
the needles depicted for sample 1 although both pressed for 3 h (canned), T6
samples had a T6 heat treatment as the final pro-A dense network of MgzSi needles along (100) cessing step. A possible reason is the shorter HIP directions was observed. Two types of boundaries time ( 1 h instead of 3 h). Another possibility is the were observed. Along the normal grain bounabsence of SiC particulates. The large difference daries we observed large heterogeneously formed in coefficient of thermal expansion of these parMg2Si precipitates together with precipitate-free ticulates with respect to the aluminium matrix zones on both sides of them. Occasionally a wide causes a tensile stress, extra dislocations and an band of differently looking particles could be excess number of thermal vacancies to be introfound as shown in Fig. 3 . They were interpreted duced during the cooling cycle of the HIP treatas being a small section of a PPB. The original ment and they may stimulate the precipitation 17]. particles are 25/~m in diameter and only a small Grain boundaries could be imaged rather easily section of 5 ~m shows up on a micrograph such but the imaging of dislocations was hampered by as Fig. 3 . the preferred precipitation on them.
Sample 2: Al~o~l + 30% SiC; hot isostatically 3.4. Sample 4: Alone, l; hot isostatically pressed for pressed for 3 h (canned), hot isostatically pressed I h (canned), hot isostatically pressed ]'or 3 h for 3 h (uncanned), T6 (uncanned), T6
An additional "uncanned" HIP treatment has In Fig. 5 Mg2Si precipitates are clearly visible made the Mg2Si needle network even denser. The as dots with a strong tendency to align themselves precipitate-free zones are reduced in size. No reaction layer has been formed yet. The high UTS of 417 MPa can be well understood from this microstructure. A dark field TEM micrograph is reproduced in Fig. 4 . The beam was parallel to the [001] direction. In such a case the Mg2Si precipitates, aligned along { 100) directions, are projected under a 90 ° angle. Dislocations are severely hindered when moving through such a maze pattern of needles. 7"6 Mg2Si precipitates are visible as small dots with a slight tendency to align themselves along along (100) directions. Even now the T6 treatmeasured by Ledbetter and Austin [8] as being ment has not produced the Mg2Si needles as + 200 MPa causes a more fully grown Mg2Si observed in sample 1 so the effect of the SiC parprecipitate network. When in solution in aluticulates is definitely present. From a comparison minium, magnesium and silicon tend to cluster between the precipitate-free zones in samples 2 together to form the f.c.c, phase of Mg2Si with a and 4 it could be concluded that the density of lattice parameter which is considerably larger precipitates is much higher in sample 2 than in than that for aluminium. A tensile stress may sample 4. High concentrations of large precipifavour such a behaviour. A nice example of the tates are visible, located at the original PPBs.
Sample 3: Al~i; hot isostatically pressed for 1 h (canned),
influence of the stress field around a particle on precipitation behaviour can be found in a paper 3. 5 In the former case the stress components are the crucial parameters; in the latter case geometrically necessary dislocations play an important role. It is useful to realize that, if one looks at the r dependence, the stress component around an inclusion is proportional to r-3 while dislocations have a field of influence proportional to r-1. In ~, our microanalysis we have observed a number of dislocations, but there is no evidence that they ~ play a dominant role during the processing steps. More information with respect to the effects of dislocations can be found in a paper by Arsenault and his group [12] . The tensile stress introduced Fig. 6 . TEM micrograph of sample 5. An SiC particle is in the matrix by the SiC particles which was severely damagedbyaneighbouringSiCparticle.
